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Poisson's equation is solved exactly to obtain the medium demagnetization field for both a single 
pole head and a single pole with a trailing shield (shielded single pole) head designs in 
perpendicular recording. To write an isolated transition, for the semi -in finite single pole head, head 
imaging can be neglected when calculating the demagnetization field. To the semi-infinite shielded 
single pole head, when the pole separation is reduced, perfect imaging from both the head and the 
soft magnetic underlayer is a good approximation. €> 2003 American Institute of Physics. 
[DOI: 10.1063/1.1558186] 


I. INTRODUCTION 

Calculation of the medium demagnetization fields is es- 
sential to determine the transition parameter and the nonlin- 
ear transition shift in perpendicular recording. 1,2 Generally, 
the demagnetization field arises from the medium itself, but 
is altered by the permeabilities of both the soft magnetic 
underlayer (SUL) and the head. Fields from the medium and 
the SUL assuming perfect imaging can be easily calculated. 
The effect of head imaging on the demagnetization field was 
initially discussed in Ref. 3. However, the same issue was 
raised again recently in order to optimize head and medium 
designs. 4 A single pole head structure has been suggested for 
perpendicular recording. But to increase the writing field 
angle and gradient, a single pole including a trailing shield 
head design was also proposed. 5 In this article, Poisson's 
equation is solved exactly using a series expansion. The total 
demagnetization field of an isolated transition is then ob- 
tained. 

Since the pole lengths are typically very large, in the 
following analyses, semi-infinite poles are assumed. The per- 
meabilities of both the head and the SUL are set to be infi- 
nite. The written track width is also assumed infinite, thus 
only two-dimensional (2D) demagnetization fields are con- 
sidered. An illustration of both head structures and coordi- 
nate systems is shown in Fig. 1. For the semi-infinite single 
pole head, a conformal mapping method has been applied to 
obtain the exact demagnetization field. 1 However, the im- 
plicit dependence on the recording geometry cannot be easily 
applied to calculate the field numerically. In addition, it is 
difficult to apply conformal mapping to a shielded head 
structure. It should be noted that CGS units are used. 

II. SEMI-INFINITE SINGLE POLE HEAD 

The coordinate system is shown in Fig. 1(a). The head- 
medium spacing is denoted as "*f \ the medium thickness is 
"r", and the medium-SUL separation is *V\ In the follow- 
ing discussions, all lengths are scaled to the head-SUL spac- 


ing "Z," (L = d + t + s). To solve Poisson's equation, the 
whole space is divided into two regions: I (x<0) and II (jc 
>0). 


A. Point charge M y (x 0 ,y 0 ) is located in region I 

Using the Fourier analysis, the potential at each region 
can be written as (M r is the media remanent magnetization): 


\(x-x 0 ) 2 + (y-y 0 ) 2 
<& x {x,y)IM r = - In 2 — -J 

+ A(k)sm{ky)e kx dk > 
Jo 


<!> u (x,y)/M r = 2 B m sm(m7ry)e- m ™(0^y^\). (1) 

m= 1 

The unknown parameters A(k) and B m are obtained from the 
boundary conditions at jc = 0: 
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FIG. 1. Illustration of 2D head structures and coordinate systems: (a) Semi- 
infinite single pole head and (b) serai- infinite shielded single pole head The 
pole separation in (b) is "Wg*\ 
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FIG. 2. Comparison of perpendicular demagnetization field calculations of 
an isolated transition for the semi-infinite single pole head (solid: Only 
medium self-demagnetization field; dashed: Medium field plus only SUL 
perfect imaging field; and dotted: Medium field plus both head and SUL 
imaging fields). 
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The solution of Eq. (2) requires the inversion of a truncated B - Point charge M y (x Qi y Q ) is located in region II 
matrix. The fields at each region are ^ ^ case> the potentials are 

*,(jc,^)/Af r = |%(*)sin(*j/)e*V*, 
Jo 

cosh( tt(x -x 0 ))- cos( 7T(y -y 0 )) 
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III. SEMI-INFINITE SHIELDED SINGLE POLE HEAD 

From Fig. 1(b), to better solve the Poisson's equation for 
this structure, the coordinate system is chosen differently. 
The zero point is set at the corner of the main pole. The 
space is divided into two regions: I (y>0) and II (y<0). 
Again, all lengths are scaled to L. For this case, the poten- 
tials are easy to write down: 
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FIG. 3. Comparison of perpendicular demagnetization field calculations of ^ / \l\A = 'V a • f m r[X \ - mnv /yy (_n/ < ~ <rf\\ 

an isolated transition for the semi-infinite shielded single pole head (dashed: ^A x >y)' M r jL^ A m sm l jy J e { — 

Including only SUL perfect imaging field; solid: Including perfect imaging 

fields from both head and SUL, and dotted: Exact solution). <t>|(jt,j>) = 0 (jt< - X>0), (5) 
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Parameters B(fc), C(k), and A m are obtained similarly. The fields in region II are 
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They show that the demagnetization fields are the perfect 
imaging fields from head and SUL plus higher-order correc- 
tions. 

IV. DEMAGNETIZATION FIELD OF AN ISOLATED 
TRANSITION 

To record an isolated transition, since the transition re- 
gion is located very close to the head edge, the following 
perfectly sharp transition is assumed: 


M y (x) = - M r (x < 0) , M v (x) = M r (x > 0) . 


(7) 


If only the SUL perfect imaging field is included, the demag- 
netization fields at the medium center plane can be easily 
obtained: 
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In Fig. 2, for the semi-infinite single pole head, the perpen- 
dicular demagnetization fields are compared for three cases: 
Only medium self-demagnetization field, medium field plus 
only SUL perfect imaging field [Eq. (8)], and medium field 
plus both head and SUL imaging fields. Parameters d 
= 15 nm, t= 15 nm, and s = 5 nm are used. As can be seen, 
in the writing region (jc<0), the demagnetization field in- 
cluding the medium contribution and only SUL perfect im- 
aging [Eq. (8)] is sufficiently accurate. Note that discrepancy 
exists due to calculation errors. Thus, for a semi -infinite 
single pole head, head imaging can be neglected when cal- 
culating the transition parameter of an isolated transition. 1 
However, head imaging must be included in analyzing the 
nonlinear transition shift. 2 

For the semi-infinite shielded single pole head, assuming 
perfect imaging is the field at the medium center plane (all 
lengths are scaled to L): 
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However, when jc<0, tan" *(>Vjt) = 77- -tan ^.WM)* 


H i x ll) (x)/(2M r )=-\n 
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In Fig. 3, for 0^ = 5Onm, three perpendicular field compo- 
nents are also compared: Including only SUL perfect imag- 
ing field [Eq. (8)], perfect imaging fields from both head and 


SUL [Eq. (9)], and exact solution [Eq. (6)]. The results dem- 
onstrate that perfect imaging from both the head and the SUL 
is a good approximation. 
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